Objective: Skull fractures are one of the most common trauma injuries among children, and pediatric skull fractures are more complex due to incomplete ossification of sutures. Because 3-dimensional computed tomography (3DCT) can provide a more accurate assessment of all skull fracture types that also increase the detection rate of skull fractures, we need to review pediatric skull fractures based on 3DCT. Methods: Two hundred ninety-one patients younger than 12 years were included in this study. We retrospectively studied the correlation of the skull fracture types, location, severity, and accompanying head injuries with surgery rates. Results: The most common skull fracture type was linear (64.6%), followed by mixed (20.6%) and diastatic (7.6%). The most common location of skull fractures was parietal (43.3%), followed by occipital (26.1%) and frontal (13.4%). Thirty-six patients (12.4%) underwent surgery. Statistically significant difference in surgical risk was observed in the presence of subgaleal hemorrhage, epidural hemorrhage, subdural hemorrhage, intracerebral hemorrhage, subarachnoid hemorrhage, and brain swelling (p<0.05). Conclusion: In most pediatric patients with skull fractures, 3DCT studies seem to be important in terms of diagnostic accuracy for skull fracture types, locations, and risk of surgery. We suggest that skull fracture severity, type, and location with degree of other accompanying head injury lesions may be significant prognostic factors.
INTRODUCTION
Skull fractures comprise 2% to 16% of all pediatric skull fractures and have been reported to be related to intracranial injury such as intracranial hemorrhage and contusion in 15% to 50% of patients 3, 5, 12, 13, 15) . Accurate diagnosis of pediatric skull fracture is essential with regard to treatment 5) . However, as the pediatric skull bone is thin and lacks ossification, diagnosis of linear fractures by simple X-ray imaging may be difficult, and sutural ossifications are often incomplete, making accurate detection of diastatic skull fractures (DSF) difficult 4, 6) . To resolve these problems, Orman et al. 11) recently proposed the use of 3-dimensional computed tomography (3DCT) for enhanced detection of linear skull fractures in pediatric patients. Furthermore, Sim et al. 17) suggested that 3DCT can provide a more accurate diagnosis of not only linear skull fractures but also DSFs. Importantly, owing to the advances in 3DCT technology, there is no increased risk of radiation exposure compared to that with 2-dimensional CT (2DCT); hence, this imaging modality was recommended as the primary diagnostic tool for the assessment of pediatric skull fractures in the emergency room 5) .
As the use of 3DCT has become widespread in the diagnosis of pediatric skull fractures, the diagnostic accuracy of skull fractures has increased, and the detection rates of skull fractures have concomitantly increased as well. DSF, which has been reported rarely to date, is currently the second most frequent after linear skull fractures 9) . Therefore, it is deemed necessary to reconsider the significance of skull fracture in the present 3DCT era compared to the past reliance on plain X-rays and 2DCT for diagnosis and prognosis of pediatric skull fractures. The objective of this retrospective study was to investigate whether surgical risks are increased with respect to the degree, location, and type of accompanying skull fracture, based on 3DCT data, in 291 pediatric patients with skull fractures. 
MATERIALS AND METHODS

Patients
The medical records of 291 pediatric patients younger than 12 years who visited our institute for head trauma and were suspected to have skull fractures and underwent 3DCT, from 2005 to 2014, were retrospectively evaluated. Patients with nontraumatic skull fractures from other etiologies and neonates were excluded from this study. Those who did not undergo 3DCT within 48 hr after head injury were also excluded. A 3DCT was performed as previously described to assess the skull fracture type, location, and severity ( Fig. 1 ). The skull fracture severity was scored for the number of skull fractures and was defined as 1 degree for a total of 1 fracture, 2 degrees for 2 fractures, 3 degrees for 3 fractures, and 4 degrees for ≥4 fractures or more. To compare the clinical characteristics of the pediatric skull fractures, the presence of accompanying lesions such as subgaleal hematoma, pneumocephalus, epidural hemorrhage (EDH), subdural hemorrhage (SDH), intracerebral hemorrhage (ICH), subarachnoid hemorrhage (SAH), and brain swelling was also assessed.
Statistical Analyses
Statistical analyses were performed through χ 2 test with 95% confidence intervals for the comparison of correlation. Univariate and multivariate logistic regression analyses were used to calculate the p-values and odds ratios (ORs) for the accompanying head injuries factors (coding 1 for the head injury group and coding 0 for the no-head-injury group) based on the surgery risk.
RESULTS
Incidence and Clinical Characteristics of Pediatric Skull Fractures Based on 3DCT
Among the 291 patients with pediatric skull fractures, 192 were boys and 99 were girls (p=0.398). The mean age was 5.0±3.5 years, with the following age distribution: 0 to 1 years, 142 (48.8%); 2 to 5 years, 61 (21.0%); and 6 to 12 years, 88 (30.2%). A total of 202 (69.4%) children had single simple fracture, 87 (30.0%) had ≥2 fractures, 60 (20.6%) had 2 multiple fractures, 20 (6.9%) had 3 fractures, and 9 patients (3.1%) had ≥4 fractures. Surgery was performed in 36 patients, which comprised 12.4% of the total 291 patients ( Table 1) . A total of 3 (1.0%) children with multiple fractures did not undergo surgery and died.
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Accompanying Head Injuries and Surgery
The most common accompanying lesion among pediatric skull fractures in the 291 children was subgaleal hemorrhage (n=243, 83.5%), followed by EDH (n=100, 34.4%), pneumocephalus (n=48, 16.5%), SDH (n=11, 3.8%), ICH (n=8, 2.7%), SAH (n=5, 1.7%), and brain swelling (n=5, 1.7%). Of the 291 children, 36 (12.4%) underwent 39 surgeries, which consisted of craniotomy and removal of intracranial hemorrhage in 22, followed by craniotomy and removal of foreign bodies or reduction of skull bones in 5, and 3 decompressive craniectomy and burr hole operation each. Three children underwent operations twice: one underwent removal of intracranial hemorr-hage surgery followed by decompressive craniectomy, one underwent removal of intracranial hemorrhage surgery followed by burr hole operation, and one underwent decompressive craniectomy surgery followed by burr hole surgery.
Correlation of Skull Fracture Characteristics and Accompanying Head Injuries with Operation Risk
We analyzed and compared the surgical risk and accompanying head injuries such as subgaleal hematoma, pneumocephalus, EDH, SDH, ICH, SAH, and brain swelling of the skull fracture characteristics in terms of skull fracture type, location, and severity. Our results showed that all 3 skull fracture characteristics (skull fracture type, location, and severity) demonstrated statistical significance and that subgaleal hematoma, EDH, SDH, ICH, SAH, and brain swelling (with the exception of pneumocephalus) showed statistical significance on the χ 2 test ( Table 2) .
Risk comparison by univariate logistic regression revealed that surgery risk in accompanying head injuries increased 7.5-fold with EDH, 6.7-fold with SDH, and 10.3-fold with brain swelling ( Table 3) . Risk comparison by multivariate logistic regression revealed that surgery risk in accompanying head injuries only increased 7.5-fold with EDH (Table 3 ).
DISCUSSION
According to previous studies, boys are more prone to pediatric skull trauma than girls, and our results show a similar ratio of 1.94:1, in favor of male children 7, 8, 10) . The incidence rate of skull fractures among pediatric head trauma ranged from 42% to 72%, whereas previous studies have shown a 64% to 73% incidence rate of linear skull fractures, which is similar to our results 1, [7] [8] [9] 16, 18) . However, past investigations regarding DSF did not perform diagnostic 3DCT such that the diagnostic accuracy was markedly lower (1%) than our rate of 7.6% 18) . Regarding multiple fractures, the previously reported incidence of 26% is similar to our observed incidence of 21% 18) . With respect to skull fracture location, Harwood-Nash et al. 7) reported that among 1,187 pediatric patients with skull fractures, the parietal bone was most the commonly frac-tured bone (40%), followed by the occipital (30%), frontal (22%), and temporal bones (8%). In the present investigation, we also showed that the parietal area was the most commonly affected skull fracture location (43.3%), followed by occipital (26.1%), frontal (13.4%), and temporal bones (2.1%).
The incidence of subgaleal hematoma and pneumocephalus in pediatric head trauma was shown to be approximately 74% and 14% to 15%, respectively, which is similar to our current study incidence of 83.5% and 16.5%, respectively 17, 18) . Similarly, the previously reported incidence of EDH was 26.5% to 38.6%, in agreement with our observed incidence of 34.4% 1, 14, 18) . Bhutta et al. 1) showed that in 34 children with head trauma due to all-terrain vehicle injuries, 8 (23.5%) had accompanying SDH and 13 (38.2%) had brain hemorrhage, which are markedly higher than those observed in the present study, with 3.8% of SDH and 2.7% of brain hemorrhage. In this respect, we propose that as the number of children in the study of Bhutta et al. 1) was small, further statistical comparison is warranted.
The incidence of surgery for pediatric head injury ranged from 1.4% to 17.5% in the literature, which is similar to that observed in our study (12.4%), whereas the mortality rate in pediatric head injury has been reported as 6% to 8%, which is in contrast to our far lower rate of 1% 2, 8, 9) . The possible reason for our comparatively lower mortality rate may be because we did not focus our research on the mortality rate of all pediatric patients with skull trauma, but instead limited the study to those children with skull fractures who underwent 3DCT; as such, we did not perform time-consuming 3DCT for patients with very severe head injury.
With regard to pediatric external trauma that leads to skull fractures, Bonfield et al.
2) demonstrated that 7.5% underwent surgery and observed that skull fractures that consisted of 2 skull bones were 22% and those with 3 skull bones were 31.3%. They concluded that more severe skull fracture injuries have higher surgery risk. In a study by Shah et al. 16) , calvarial fractures were observed to be significantly related to brain injuries, epidural hematoma, and SDH. In the same study, brain injuries were observed to be significantly related to longterm disability or death. Schutzman and Greenes 15) revealed that 15% to 30% of linear skull fractures were related to intracranial injury, and Quayle et al. 12) reported that the likelihood of an intracranial injury is increased 4-fold in the presence of skull fractures. In contrast, Bhutta et al. 1) revealed no association of brain injury and skull fracture in 27 children with all-terrain vehicle injuries that led to brain injury, which was also supported by Godano et al. 4) , who reported no relationship between age and Glasgow Coma Scores in 62 pediatric patients with skull trauma. In the present study, we observed statistically significant results between surgical risk and skull fracture type, location, and severity and between surgical risk and EDH, among accompanying head injuries, on χ 2 test and univariate and multivariate logistic regression analyses.
CONCLUSION
The diagnostic accuracy of skull fracture type and location is enhanced by the utilization of 3DCT, which can assist in treatment decisions for pediatric patients with head injury. Statistically significant results were obtained between surgical risk and skull fracture type, location, severity, and presence of accompanying EDH.
